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The present report is concerned with the nature and intracellular distribution of the desoxyribonuclease activities of animal tissues and with the relationship of such activity to desoxyribonucleic acid (DNA) metabolism.
The desoxyribonucleases attract particular interest largely because of the unique biological importance of their known substrates as components of the chromosome. Since this role of the substrate requires not only that it be localized within the interphase nucleus, but also demands that it be doubled in amount during cell division, the question immediately arises as to where the enzymes specific for DNA occur in the cell, and further, whether any correspondence exists between desoxyribonuclease activity and rate of cell division in different tissues.
Our approach to these questions has involved a study of the DNAase activities of a diversity of animal tissues and cell nuclei isolated in non-aqueous media (1, 2) . By methods which are described in detail below it has been shown that the desoxyribonuclease activities of animal cells are, in the main, localized in the cytoplasm. It has also been found that the comparative DNAase activities of many fetal and adult tissues correspond in a general waywith the capacity of those tissues for proliferation or regeneration. More specifically, tracer experiments, using N15-1abeled glycine, show that DNA turnover rates in red cells, kidney, pancreas, and liver are in agreement with their relative DNAase concentrations. A final point of interest is the demonstration that two distinct desoxyribonucleases occur in the pancreas, and that one of these is a secretory enzyme occurring in the pancreatic juice in active form.
The desoxyribonucleases considered in this report fall into two classes, only one of which seems connected to the general problem of the DNA metabolism of the chromosome; the other may be peculiar to the pancreas. Most recent work has been concerned with this latter pancreatic enzyme. It has been isolated in crystalline form by Kunitz (3) , shown to have a neutral pH optimum, and to require Mg ~-ion activation. Furthermore, it has been assumed by several workers that this enzyme, or one similar to it, plays a role in cell division, and experiments which demonstrate that different tissues contain inhibitors of the pancreatic enzyme (4, 5) have been interpreted in terms of a generalized mechanism for controlling mitotic rates by balancing the inhibitor/enzyme 227 DESOXYRIBONUCLEASE ACTIVITIES OF ANIMAL TISSUE ratio of the cell (6) . It will be demonstrated below that "neutral" DNAases requiring Mg ++ activation are peculiar to the pancreas and that this enzyme is secreted into the pancreatic juice together with other digestive enzymes such as trypsin, amylase, or lipase. On the other hand, we have found that many tissues of the calf, horse, chicken, mouse, and rat contain a second type of desoxyribonuclease activity which is most active at or about pH 5.2 and which does not require Mg ++ ion activation. This is in agreement with the results of Catchside and Holmes (7), Mayer and Greco (8) , and Webb (9) . It is this "acid" DNAase which we believe to be involved in the DNA metabolism of the cell. The evidence for this view is presented below, together with related observations on the subject of DNAase inhibition. No evidence has been found for the presence of an "acid" DNAase inhibitor in animal tissues.
Methods
Desoxyribonudeases can be investigated in several ways; their action upon solutions of desoxyribonucleic acid is made manifest by a decrease in viscosity (10) , by increases in titrable acid groups (11, 12) , by changes in the protamine or dye-binding capacity of the nucleic acid (13, 14) , and by a release of acid-soluble phosphorus esters which can be detected and measured in various ways (3, 15) . In the study of the DNAase activities of different tissues we have made use of several of these procedures. Thus the desoxyribonudease secreted by the pancreas was measured by a viscosimetric method and by the decolorization of an indicator, phenol red, as recommended by Khouvine and Gregoire (12) . Viscosity measurements were also made on saline extracts of other tissues and isolated nuclei. But although both of these procedures were applicable to dilute pancreatic extracts they were not found to be as satisfactory in tissue homogenates, and their limitations are discussed in more detail in later sections. For this reason, a method was devised based on the colorimetric determination of the acid-soluble desoxypentose-purine compounds released in the course of enzyme action. This method is applicable to either extracts or homogenates of tissues or nuclei. It resembles the acid-soluble phosphorus method (15) but avoids a time-consuming ignition of organic phosphate which is required in the latter procedure (16) .
Reagents.--Substrate: A solution containing 4 mg. per ml. of highly polymerized sodium desoxyribonucleate. The latter is prepared from calf thymus as previously described (17) .
Buffers: Walpole's acetate buffers (18) have been used in the pH range 4.0 to 5.6. In most tissues the pH optimum occurs at 5.2, and the corresponding buffer is prepared by adding 4.2 ml. of 1 ~ acetic acid to 15.8 ml. of 1 M sodium acetate and diluting to 100 ml. with H20. The final acetate concentration is 0.2 ~.
Dische's diphenylamine reagent: To each 40 ml. of 1 per cent diphenylamine solution in glacial acetic acid is added 1 ml. of concentrated H2SO~. The reagent is unstable "and is made up freshly before using (19) .
3.6 ~¢ trichloroacetic acid. Procedure.--Both tissues and nuclei are homogenized with cold 0.14 M saline to give final concentrations of 3 to 40 mg. per ml., depending upon the tissue. The homogenization is rapidly performed with a motor-driven teflon pestle adapted to fit a 15 ram. X 125 ram. glass tube. Aliquots of this homogenate (usually 0.5 or 1 ml.) are added to lusteroid centrifuge tubes (13 ram. X 95 ram.) containing 0.5 mh of substrate solution and enough 0.2 M acetate buffer to give a final volume of 3.0 ml. The solutions are mixed and placed in a water bath at 35°C. for 2 or 3 hours. The enzyme reaction is stopped by the addition of 0.8 ml. of 3.6 x~ trichloroacetic acid (TCA). The tubes are then centrifuged at 10,000 R.P,~t. for 15 minutes and the clear supemates axe decanted into small test tubes. The zero time reading or "tissue blank" is obtained by adding the homogenate to a separate tube containing substrate, buffer, and 0.8 ml. TCA; the mixture is centrifuged and the clear supernate is decanted. An additional control to measure the extent of autolytic nuclease activity is prepared by incubating the buffered homogenate apart from the substrate and adding substrate plus TCA at the end of the incubation period.
Colorimetry.--0.5 to 1.5 ml. aliquots of the supernates are transferred to small tubes and made up to 1.5 ml. with H20. 3 ml. of diphenylamine reagent is added and the tubes are immersed in a boiling water bath for 20 minutes. Full color development requires an additional 20 minutes at room temperature at which time the optical densities at 600 m~ are determined. Either Beckman or Coleman spectrophotometers are adjusted to give full transmission for a reagent blank, a mixture of 1.5 ml. H~0 and 3 ml. of diphenylamine solution heated in the usual way.
The optical densities obtained are converted to desoxypentose-P equivalents by comparison with a standard. A suitable standard consists of 1 ml. of sodium desoxyribonucleate solution (containing e.g. 15 nag. per 100 ml. or 0.0123 mg. desoxy-P per ml.) to which has been added 0.5 ml. of H~O and 3 ml. of the diphenylamine reagent. The ratio of the desoxypentose-P content of the standard to its optical density supplies a factor which, when multiplied by the optical densities of the unknowns, gives their contents of desoxypentose-phosphorus (calculated as DNA). DNAase activity is expressed in terms of the number of micrograms of acid-soluble desoxypentose-P released per hour of incubation at 35°C. The enzyme concentration in different preparations is expressed as the activity per milligram dry weight of tissues or nuclei.
Phenol Red Method.--This procedure was used to study the intracellular localization and some problems in the activation of the secretory DNAase of the pancreas. The method uses the decolorization of an indicator, phenol red, to measure the release of acid groups which accompanies enzyme action. The assay procedure used is essentially that of Khouvine and Gregoire (12) , modified slightly as follows:--Substrate: A mixture containing 1.0 ml. of a 2 rag. per ml. solution of sodium desoxyribonucleate, 1.0 mh of 0.1 M Mgg04, and 0.4 ml. of phenol red solution. (The latter consists of 10 rag. phenolsuifophthalein, 0.28 ml. of 0.1 ~ NaOH, 3 mh of 95 per cent ethanol, and 40 ml. of M/15 phosphate buffer, pH 7.55, made up to 100 ml. with H~O.) The substrate is titrated to pH 7.55 with 0.01 ~ NaOH and brought to a final volume of 3.0 ml. The final pH is conveniently determined by comparison with the color of a standard (0.4 mh of phenol red solution and 2.6 ml. of M/15 phosphate buffer at pH 7.55).
ProceAure.--Pancreas tissue and nuclear fractions (2) are homogenized in cold saline to give final concentrations of 1.5 rag. per ml. of suspension. The homogenates are centrifuged at 10,000 R.P.M. for 15 minutes and the clear supernates are decanted.
It was found that the initial enzyme activity of such extracts varies considerably depending upon the pH and temperature conditions to which the extract is subjected before incubation with its substrate. The problem of "activation" under these conditions is considered in more detail below. In all cases, however, one-third (usually 3 ml.) of the original extract is used as a control. It is titrated to pH 7.55 with 0.01 N NaOH and its activity measured directly as subsequently described. The remaining two-thirds of the extract is "activated" by heat or acid treatment and brought to pH 7.55. (Acid-treated extracts often require further centrifugation.) A 1.0 ml. aliquot of the clear supernate is added to 3.0 ml. of substrate solution. The mixture is quickly decanted into a Corex cuvette and the optical density at 558 m~ is measured at 1 minute intervals for 10 to 15 minutes. All measurements were made in a Beckman spectrophotometer at 25°C. The decrease in optical density is plotted against reaction time and the slope of the curve over the first 3 minutes is taken as a measure of the DNAase activity of the sample.
Acti~ation.--When neutral extracts of pancreas tissue are heated to 50°C. for 5 minutes and subsequently cooled, it is found that the rate of phenol red decolorization is greater than that observed in controls not so treated. The effect obtained by preheating the extract at different temperatures is shown in Fig. 1 A, in which decrease in optical density is plotted against reaetion time for aliquots of the same pancreatic extract brought to different temperatures and then cooled before assay. A similar activation is observed when neutral pancreatic extracts are brought to lower pH values and then reneutralized ( Fig. 1 B) ; here maximal activity is obtained by pretreatment at pH 3-4. The acid treatment was used in determining the comparative secretory DNAase activities of pancreas tissues and nuclei. It should be pointed out that although these data indicate the possible presence of an inhibitor, or an inactive form of the enzyme in the extract, the tissue preparations examined were lyophilized and treated with petrol ether to remove fat (2), and the effects described may be the result of this treatment. A relevant observation is the fact that the enzyme is active in the pancreatic juice.
The phenol red method, although suitable for solutions of purified DNAase or for dilute pancreatic extracts, cannot be applied to the other tissues considered. The chief disadvantage is the fact that the desoxyribonucleases of other tissues have pH optima far below the indicator range for phenol red and do not show activity under the conditions described. An attempt was made to substitute a more acid indicator, e.g. brom cresyl green, but without success. The difficulties that arise are twofold. On the one hand, the pH changes measured depend upon a delicately poised buffer system in the substrate which can be altered considerably by the addition of concentrated tissue extracts or homogenates. A second difficulty involves the loss of dye through adsorption to an extent which varies with the concentration and nature of the preparation examined. The acid-soluble desoxypentose method described above was used preferentially because it is not subject to these limitations.
Viscosimary.--The secretory DNAase activity of dilute extracts of pancreas tissue and nuclei was also measured viscosimetrically by a procedure similar to that of Laskowski and Saidel (10) . The substrate in this case consists of 0.5 ml. of a 4 rag. per nil. solution of sodium desoxyribonucleate and 1.0 ml. of 0.1 ~ MgSO4, brought to pH 7.5 and a final volume of 3.0 ml. 1 ml. of dilute tissue extract (0.05 nag. per ml.) is added to the substrate and the viscosity of the mixture at 30 ° is determined in an Ostwald viscosimeter at 5 minute intervals. The velocity constant of an assumed monomolecular reaction was calculated from the formula K = 1/t log no/nt, in which no is the relative viscosity at zero time and nt is the relative viscosity at time t. The concentration of the enzyme in pancreas tissue and nuclei is expressed as K/mg. × 10 s. The reaction velocity constants were determined both for neutral extracts and for extracts activated by acid treatment, as in the phenol red procedure.
A similar viscosimetric method was used to measure the "acid" DNAase activities in calf liver, kidney, and thymus. The substrate in this case consists of 0.5 ml. of DNA solution (4 mg./ml.) and 1.5 ml. of 0.2 M acetate buffer at pH 5.2. Homogenates containing 2.5 to 10 rag. per ml. of the tissues mentioned are centrifuged at 10,000 R.P.~. for 15 minutes and the clear supernates are decanted. 1 ml. aliquots of these extracts are added to the substrate-buffer mixture and the viscosity at 30 ° is determined at 5 minute intervals as before. The concentration of the enzyme is expressed as K/mg. X l0 s. To determine the "acid" DNAase of the pancreas it is necessary to first suppress the activity of the secretory enzyme by adding citrate ion. In this case the substrate consists of 0.5 ml. of DNA solution, 0.1 ml. of 0.6 M trisodium citrate, and 1.4 ml. of acetate buffer to give a final pH of 5.2.
The viscosimetric method of DNAase assay is subject to a number of limitations. It can be used in dilute tissue extracts but not in concentrated extracts or homogen-ates because viscosity decreases produced by enzyme action become obscured by other decreases due to adsorption of the nucleic acid by particulate matter, or to complex formation between substrate and inert protein. It should be noted that the formation of salt linkages between DNA and protein is especially likely at the acid pH values at which most DNAases reach maximal activity. Because the method is limited to extracts, only the DNAase which remains in the clear centrifugate can be measured. In homogenates of fresh rat liver the enzyme is largely insoluble and would not be detected under these conditions. It happens that the enzyme of lyophilized and petrol ether-extracted kidney and thymus is completely soluble and the viscosimetric method can be used. In treated calf liver tissue only 80 per cent of the enzyme is soluble and the viscosity assay of an extract is correspondingly limited. (The solubility data presented were obtained by the desoxypentose-P method, which is applicable to either extracts or homogenates.) Since the viscosity of nucleic acid solutions is also known to vary with pH, temperature, ionic strength of the medium, and concentration of Mg ++ ion (20) , the validity of viscosimetry in the complex systems of tissue extracts is open to some question. We have observed some discrepancies between DNAase activities of clear extracts measured viscosimetrically and those determined by the chemical method. A similar lack of agreement was reported by Laskowski (15) in the comparison of viscosity data with acid-soluble phosphorus analyses of DNAase concentrations in pancreas extracts.
EXPERIMENTAL
Tissue and Nuclear Preparations.--The details of the isolation of cell nuclei in nonaqueous media have been previously described (2) . When the DNAase activity of the nucleus is compared with that of the tissue both preparations have been treated in the same way; i.e., lyophilized and extracted with petrol ether, cyclohexane, and carbon tetrachloride. All tissues of the horse, chicken, and calf, including fetal calf and beef tissues, were similarly treated. Mouse pancreas, liver, and kidney were lyophilized and extracted with petrol ether alone. Rat liver tissues from normal young (1 week old) and adult animals of the Whalen strain, and regenerating liver from adult rats (taken 24 hours after partial hepatectomy (21)) were lyophilized and extracted with petrol ether.
We are indebted to Dr. Franklin Hollander of Mount Sinai Hospital for a sample of fresh canine pancreatic juice obtained through a duodenal fistula.
DNA Turnover Experiraents.--Adult female mice of the Rockefeller Institute and
Swiss strains were injected 4 times at ~ hour intervals with 0.1 ml. of saline containing 9 rag. of N15-glycine (33 atom per cent excess). 8 hours after the first injection the animals were decapitated and the liver, kidney, and pancreas were removed. The preparation of DNA from these tissues is described elsewhere (22) .
The DNA turnovers of avian red ceils were determined by incubating freshly drawn blood in the presence of 1 rag. per ml. of N15-glycine (33 atom per cent excess) for 24 hours at 38°C. The cells were actively synthesizing labeled heme under these conditions. Details of the incubation procedure and the subsequent isolation of the nucleic acid have been described (23) .
The N is concentrations of the isolated DNA preparations were determined in the mass spectrometer (Process and Instruments Co. model) after the usual conversion of organic nitrogen to gaseous N~ by Kjeldahl digestion and treatment with hypobromite.
~N 15 concentrations were determined to +0.001 atom per cent N 16 (average deviation) and compared with tank nitrogen as a standard.
RESULTS
DNAase Properties and Dislribution.--The acid-soluble desoxypentose method has been used to determine the DNAase pH optima and concentrations in a number of tissues of the calf, horse, chicken, mouse, and rat. The results indicate that nearly all tissues contain an "acid" desoxyribonuclease with a pH optimum at or about 5.2. The results obtained in homogenates of calf tissues are summarized in Fig. 2 , in which DNAase activity per milligram of tissue is plotted against the pH of the incubation mixture. Similar pHactivity curves are obtained for different tissues of the mouse, chicken, and horse. DNAase activity at neutrality in such preparations is only a fraction of that observed at pH 5.2, except in the case of the pancreas. Here the situation is complicated by the simultaneous presence of the secretory DNAase, which is present in such relatively high concentration that its effects can be detected even at pH 5. This is shown by the dotted curve in Fig. 2 . However, in the presence of citrate ion, the secretory DNAase (which requires Mg ++) is suppressed; the "acid" desoxyribonuclease retains its activity. The pH-activity curve for the pancreas homogenate under these conditions (0.02 ~ citrate) is the same as that observed in all other tissues (solid line in Fig. 2) . The pancreas therefore contains two DNAases, only one of which, the "acid" DNAase, resembles the enzyme in liver, kidney, thymus, or spleen. The distinction between the two enzymes of the pancreas was also demonstrated by the viscosimetric methods described above. At pH 5.3 (in the presence of citrate) K/mg. X 103 = 1.45, and at pH 7.5 (no citrate) K/mg.; X 10 ~ = 330. The ratio of "neutral" to "acid" DNAase activity is greater than 200. This overwhelming preponderance of the neutral DNAase seems peculiar to the pancreas. We have not been able to demonstrate any appreciable activity at pH 7-7.5 in extracts or homogenates of other tissues, using either the phenol red or desoxy- 
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* DNAase activities expressed as micrograms of acid-soluble DNA-P released per hour at 35 ° .
pentose-P procedures. Analysis of a sample of canine pancreatic juice, obtained through a duodenal fistula, showed a high concentration of the "neutral" DNAase, and it is concluded that this enzyme, like trypsin or lipase, has a digestive function. No appreciable concentration of the "acid" DNAase was found in the pancreatic secretion.
Comparative DNAase Concentrations.--One of the most striking aspects of Fig. 2 is the great difference in the maximal DNAase activity per milligram between heart tissue and spleen or liver tissue. Since it is known that heart muscle does not regenerate and that both the liver and the spleen can be the site of high mitotic activity, the data suggest some correlation between the DNAase activity of a tissue and its capacity for proliferation or regeneration. This possibility was investigated in greater detail by determining the DNAase concentrations of many more types of tissue, and the results of these analyses are summarized in Table I . The figures presented reoresent the average of at least three aaalyses, each performed in triplicate; they were obtained under conditions in which the reaction rate at 35 ° is linear up to 3 hours and in which the substrate is present in great excess. (In very active tissues, such as liver and spleen, the latter condition is obtained only by working in comparatively dilute homogenates; e.g., 2.5 to 5 mg. per ml. of suspension.)
The Comparative Activities of Fetal and Adult Tissues.--To determine the extent to which DNAase concentration parallels cell division, comparisons were made of enzyme concentrations in the same organ at different stages of development. The results are summarized in Table II A for bovine tissues, and Table IIB for tissues of the chicken. It can be seen that fetal calf kidney is more than twice as active as calf kidney and that fetal liver has nearly three times the DNAase concentration of calf liver. Furthermore, the DNAase of fetal intestinal mucosa is lower than that of adult mucosa, and desquamation is more rapid in the latter. It should be pointed out that the DNAase concentrations are expressed on a dry weight basis and that a better indication of the enzyme changes which accompany cell maturation would be obtained by expressing the enzyme concentration on a per cell basis. An approximate measure of this cellular enz~rme content can be obtained by dividing the DNAase activity per milligram by the DNA content of the tissue. The calculation is based upon the fact that the DNA content per cell is a constant (24) . In all the fetal tissues considered the DNA per milligram is higher than in adult tissues, and it follows that more cells are represented in a given weight of tissue. Therefore the DNAase content per cell in fetal calf liver and kidney, although higher than that of older tissues, is not as high as the figures in Table II A indicate. When tissues of the chicken are analyzed for their DNAase contents at different stages of development, the results obtained do not support the idea that cell division and DNAase concentration go hand in hand (Table IIB) . On a dry weight basis, chick heart tissue obtained from the embryo, in which the cells are still dividing, is more active than the heart tissue of the adult. But on a per cell basis little change has occurred. Furthermore, maturation of the liver or kidney of the chicken leads to an increase, not a decrease in DNAase content, whether the results are expressed on a per cell or dry weight basis. It follows that the correlation between DNAase concentration and cell division is not as simple as the comparative DNAase activities of adult tissues (Table  I ) might indicate.
Li~er Regeneration.--A further test of the hypothesis was made by comparing the DNAase concentration of young rat liver with that of adult and regenerating livers. In this experiment the regenerated liver tissue was taken 24 hours after partial hepatectomy and its DNAase activity was compared with that of the original excised lobes. The activity of the adult liver was 3.5 units per mg., that of the regenerated liver was 3.7 units per rag. Since the DNA content of the tissue was the same in both cases (1.13 per cent DNA-P), it follows that in regeneration a slight increase in DNAase activity per cell had occurred. Liver tissue obtained from 1 week old rats had considerably higher DNAase activities (4.2 units per mg.) bur on a per cell basis (DNA-P = 1.51 per cent) the DNAase content is somewhat lower in the younger animal.
N 15 Turrw~er of DNA.--Since the comparative activities of embryonic and adult chicken tissues do not support the hypothesis that mitotic frequency is correlated with DNAase concentration it is unlikely that the enzyme is concerned simply with the mechanics of cell division (even though the results in mammalian tissues do lend some support to this idea). An alternative view of desoRNribonuclease function relates it to the over-all DNA metabolism of the chromosome. One test of this hypothesis is the comparison of the DNAase concentrations in different tissues with the rates of DNA turnover in those tissues. Such a comparison is summarized in Table III , in which the DNAase concentrations of avian red cells and mouse tissues are listed together with the N 15 uptakes of the corresponding DNAs (labeled as described in the Experimental section). It can be seen that avian red cells, which have no measurable DNAase activity, also have no detectable DNA turnover. The low N 15 concentration of mouse kidney DNA, compared with that of the desoxyribonucleic acids of liver or pancreas, is in agreement with the comparatively low DNAase concentration of kidney tissue.
Intrazellular Distribution.--The DNAase concentrations of nuclei isolated in non-aqueous media (2) are presented in Table IV , together with the activities per milligram of the corresponding tissue preparations. The ratio of nuclear enzyme concentration to that of the whole tissue is given in the last column of the table (N/T). It can be seen that in all tissues the major portion of the enzyme occurs in the cytoplasm. Only in liver and heart nuclei do the nuclear enzyme concentrations approach those of the whole tissue. The intracellular localization of the "acid" DNAase of the pancreas was also determined by the viscosimetric method, using 0.02 ~ citrate to suppress the activity of the secretory enzyme. Under these conditions K/mg. X 10 ~ was 1.45 for the tissue and less than 0.2 for the nuclei. The intracellular localization of the secretory DNAase in the pancreas was determined both by the viscosimetric and phenol red procedures. The viscosimetric K/mg. × 10 ~ was 330 for the tissue and 2.5 for the nuclei. In the phenol red method the slopes of the decolorization curves show the nuclear activity to be less than 12 per cent of that determined in the tissue. It follows that neither of the DNAases of the pancreas occurs in the nucleus to an appreciable extent.
It should be pointed out that these figures for the relative DNAase concentrations of the nucleus differ from much of the conflicting data currently in the literature (25, 26, 9) , all of which are based on the analysis of nuclei isolated in citric acid, saline, or sucrose solutions. In tissues in which the enzyme is largely insoluble, the aqueous isolation procedures probably give a correct picture of the intracellular distribution. But when the enzyme is soluble, or rendered soluble by treatment, its presence or absence in nuclei prepared in aqueous media may reflect adsorption or extraction, or any chance combination of these effects. Evidence has been presented to show that the non-aqueous isolation procedures introduced by Behrens are not subject to these limitations (2) . It follows that the absence of DNAase from nuclei prepared in this way is not an artefact due to the extraction of the enzyme, nor can the concentrations observed in liver nuclei, for example, be due to adsorption. The evidence for the purity of nuclei isolated in non-aqueous media has already been presented (2).
Tests for DNAase Inkibitors.--Since several workers have recently reported that animal tissues contain inhibitors of the neutral pancreatic enzyme (4, 5) , a number of experiments were performed to test for inhibitors of the more widely distributed "acid" DNAase. We first tested the possibility that the low DNAase activity of heart tissue might be due to large amounts of DNAase inhibitor. Homogenates of beef heart muscle were added to suspensions of the very active embryonic kidney and the combined DNAase activity was measured by the acid-soluble desoxypentose method. When this experiment was performed under conditions in which the substrate is present in excess, no inhibition phenomena were observed; the reaction rate in the mixture of adult heart and embryo kidney was the same as the added reaction rates of the separate homogenates. Since it might be objected that the DNAase inhibitor of the heart would not function against the embryonic kidney enzyme, the same type of experiment was performed, adding beef and calf kidney homogenates to the more active fetal kidney suspension. Again no inhibition could be detected. Another test was made by adding homogenates of calf liver to more active suspensions of fetal calf liver. The DNAase reaction rate in the mixed homogen-ate was again equal to the added reaction velocities of the separate samples. No inhibition could be detected in any of the tests.
The possibility still exists that the desoxypentose method of DNAase assay is too insensitive to detect such inhibition. To check this alternative the DNAase activities of mixed calf liver and fetal calf liver extracts were determined viscosimetrically. When this experiment is performed under conditions of substrate excess the reaction K of the mixed extract is equal to the sum of the Ks of liver and fetal liver samples, respectively. Another viscosity experiment was performed to determine whether the "acid" DNAase of the pancreas was inhibited when mixed with calf liver extract. No inhibition could be detected.
Finally, a test was made of the inhibition of the "neutral" pancreatic DNAase by a dilute calf liver extract which itself had no detectable activity at pH 7.5. The viscosimetric reaction K for the pancreatic extract was reduced by onethird. Therefore the "neutral" DNAase inhibitor is present in extracts which fail to inhibit the more widely distributed "acid" enzyme. Because the neutral enzyme has been detected only in extracts of the pancreas it is unlikely that the occurrence of inhibitors for this specialized enzyme is connected with the general problem of cell division.
DISCUSSION
The turnover data obtained with N 15 are in agreement with the view that the DNA metabolism of the chromosome is related to the DNAase concentration of the cell. This view finds additional support in the general parallelism between the DNAase concentrations in adult tissues and their capacities for chromosome duplication. However, data have also been presented to show that the enzyme concentrations in fetal and adult tissues do not always agree with the rates of cell division in those tissues. This makes it unlikely that I)NAase is limited to some simple role in the mechanics of cell division.
A broader interpretation of the data relates the DNAase of the cell to the over-all desoxypentose nucleotide metabolism, much of which may occur in the cytoplasm. We have shown that, in the main, DNAase is a cytoplasmic enzyme. This makes it probable that its substrate is also cytoplasmic. Such a conclusion does not necessarily conflict with the well known observation that the DNA of Feulgen-stained cells is in the nucleus, not the cytoplasm, or with the fact that isolated chromosomes and nuclei contain DNA. Neither of these methods rules out the possible occurrence of desoxypolynucleotides in the cytoplasm. Feulgen staining, for example, is the end product of an acid hydrolysis which would remove acid-soluble desoxyribonucleotides from the cell without dissolving the highly polymerized DNA of the chromatin (27) . There is additional evidence for the view that desoxypentose nucleotides of different kinds occur in the cytoplasm. Hoff-J~rgensen and Zeuthen describe such substances in the cytoplasm of amphibian eggs and oocytes (28) . Their observation is in agreement with Mazia's demonstration that the DNAase of the echinoderm egg is also mainly cytoplasmic (13) .
The picture that emerges is one which relates desoxyribonuclease activity to desoxyribonucleotide metabolism. Tissues in which this metabolism is active may reflect such activity in high turnover rates of chromosomal DNA and in a high capacity for regeneration or proliferation.
If the DNAase content of a cell is indeed related to its desoxynucleotide metabolism, the enzyme might be expected to vary with changes in the physiological state of the cell. In this connection it has been found that severe fasting more than doubled the DNAase concentration of horse liver tissue (Table IV) .
SUMMARY
It has been found that many animal tissues contain "acid" desoxyribonucleases with pH optima near 5.2. A chemical method for the determination of this activity is described.
The pancreatic desoxyribonuclease crystallized by Kunitz and shown to have a neutral pH optimum occurs in the pancreas together with the "acid" enzyme, but only the "neutral" enzyme occurs in the pancreatic juice. The ratio of "neutral" to "acid" DNAase activities in the pancreas is greater than 200, but in all other tissues examined there is no appreciable concentration of the neutral enzyme. It is concluded that neutral DNAase, like trypsin or lipase, has a digestive function. Some problems in the activation of the secretory enzyme in neutral pancreatic extracts are described. This activation can be interpreted in terms of a specific inhibitor or an inactive form of the enzyme.
A comparison of the "acid" DNAase activities of different organs of the calf, horse, chicken, mouse, and rat indicates a possible connection between the DNAase concentration of a tissue and its capacity for proliferation or regeneration. However, the comparative DNAase activities of fetal and adult tissues do not support the view that DNAase function is limited to some simple role in the mechanics of cell division.
Studies on the incorporation of glycine-N 15 into the desoxypentose nucleic acids of avian red cells, and mouse liver, pancreas, and kidney show that the N 16 uptake into the DNA of the chromosome is most rapid in tissues with high DNAase concentrations. No N 15 incorporation is observed in the DNA of avian red cells, which have negligible concentrations of the enzyme.
The analyses of tissues and nuclei isolated in non-aqueous media show that the bulk of the enzyme occurs in the cytoplasm of the cell, and that nuclear concentrations vary from tissue to tissue. A theory relating the DNAase activity of the cell to its over-all desoxypentose nucleotide metabolism is discussed.
No evidence has been found for the presence of inhibitors of the "acid" DNAase in animal tissues.
